Abstract
INTRODUCTION

T
he first report about retinopathy of prematurity (ROP) was done by Terry [1] , afterwards, trying to detect and treat the condition gained the interest of researchers. ROP is a preventable cause of visual disability in most of the affected infants [2] [3] . ROP develops due to retinal vessels constriction in response to high oxygen levels due to supplemental oxygen therapy, this constriction will progress to permanent occlusion if arterial oxygen levels remain high enough [4] . Mostly, ROP is mild and regresses with no treatment and without visual sequelae. However, in some cases, the disease may progress to severe stages which causing visual disability and even blindness [5] . Currently, there are no clear national screening guidelines for recommend screening the infants at risk of ROP in Egypt, however there are some recommendations derived from previous studies witch advice for screening of infants with a birth weight ≤1500 g, gestational age (GA)≤33wk, or certain cases with a birth weight between 1500 and 2000 g or GA>33wk with an unstable clinical course [6] .
Despite showing good sensitivity to detect ROP and ROP requiring treatment, these screening criteria alone still show low specificity as less than one-tenth of the screened infants require treatment, as indicated by previous studies [7] . Postnatal weight gain is considered a new variable which helps to predict the occurrence of ROP [7] [8] [9] [10] [11] [12] [13] [14] . It is considered as an indirect indicator to the level of insulin growth factor-1 (IGF-1) which is more difficult to assess and whose deficiency is known to compromise fetal growth, vascular endothelia growth factor signaling, angiogenesis, and retinal vessel growth [10] [11] [12] 15] . Postnatal weight gain is not only easier to assess, cheaper but in addition, it gives a clue about the overall infant health and perinatal clinical course [8, 10, [14] [15] [16] . Several efforts were done trying to improve the sensitivity of ROP prediction with minimization of missing positive cases either by using "Weight and IGF-1 in Weight, IGF-1, Neonatal ROP (WINROP) algorithm" [9] or by incorporating "weekly postnatal weight gain, birth weight, and GA" in "The
Children's Hospital of Philadelphia postnatal weight gain, birth weight, and GA ROP risk (CHOP-ROP) model" [7] .
These models were successful to decrease the total number of babies requiring screening by 77% and 49%, respectively [7] [8] .
And validation studies reported 20%-74.5% reduction in number of the screened infants [9, [17] [18] [19] .
In a busy neonatal intensive care unit (NICU), both models require a tedious weekly process of weight gain calculation and application of the model for every baby until an alarm for the need of fundus exam is triggered. Moreover, both models are designed to predict high-grade ROP, but not low-grade ROP detection which still may be associated with visual sequelae compared to infants without ROP. In addition, the need for screening can be triggered according to these models as late as 10wk or more postnatally [20] [21] [22] [23] [24] [25] .
In 2016, Cao et al [25] published "The Colorado-ROP model (CO-ROP): postnatal weight gain screening algorithm" which was developed in the USA describing a new user friendly model using birth weight, GA, and postnatal weight gain for ROP screening aiming to provide simple model to predict the development of any ROP grade while decreasing total number of babies needing ROP screening significantly [26] .
There is evidence from many studies that ROP can develop in the developing world in older infants and those with larger birth weight than developed countries, in consequence, application of criteria of screening of western countries can lead to missing a portion of infants at risk of developing that disease if implemented in developing countries without modifications [6, 26] .
To the best of our knowledge, no previous work was done in a developing country to study the postnatal weight gain in addition to the traditional criteria for improving the prediction of ROP while decreasing the number of babies needing ROP screening. The study would be a prospective study carried out on the preterm infants in the NICU at the Alexandria University
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Hospital, Egypt, which is a largest NICU in the north of Egypt, during six months period from 1 st of December 2016 to the end of May 2017 and for whom ROP screening was required according to the conventional ROP screening criteria in Egypt (GA≤33wk or with birth weight ≤1500 g or infants born with GA>33wk or birth weight >1500 g) who suffer "unstable clinical course" according to the treating neonatologist.
Weekly weight gain at day 7, 14, 21 and 28 after birth would be recorded from birth until the first ROP examination. Calculation of the ratio of postnatal week gain each week to the initial birth weight would be done. Review of the patients' medical records and collection of demographic data (gender, GA, associated comorbidities, etc.) would be done. Initial fundus examination would be done after pupil dilation using indirect ophthalmoscope by a single ophthalmology consultant (Ahmed IS) at least 4wk after birth or 30wk chronological age (GA plus postnatal age), whichever came later unless the infant is too sick that the screening examination could endanger his/her safety as indicated by the attending neonatologist. Fundus changes would be classified according to "The International Classification of Retinopathy of Prematurity" including "stage" and "zone" of the changes, and "presence of plus disease" at each examination, in addition to the determination whether any treatment would be required [27] . "Type 1 prethreshold ROP" requires treatment it includes "stage 1 or 2 ROP in zone I with plus disease, stage 3 ROP zone I with or without plus disease, or stage 2 or 3 ROP in zone II with plus disease", and "type 2 prethroshold ROP" requires close follow up, it includes "stage 1 or 2 ROP in zone I without plus, or stage 3 ROP in zone II" as reported by "Early Treatment Retinopathy of Prematurity (ETROP) study" [4] . Infants would be classified into 3 groups according to the worst ROP grade noted during any screening: "high grade (prethreshold type 1 or 2 ROP), low grade (ROP less than prethreshold type 1 or 2 criteria), or no ROP" [4] . To detect the cutoff time point the weekly postnatal weight gain ratio giving best prediction of ROP development was detected from logistic regression by calculation of the unadjusted postnatal week and the postnatal week adjusted for GA and birth weight cutoffs with the highest area under the receiver operator characteristic (ROC) curve. The value with 100% sensitivity for "high-grade ROP" and high sensitivity for "low-grade ROP" was chosen as a cutoff value for post-natal weight gain ratio. Sensitivity and specificity calculation for detection of "highgrade", "low-grade", and overall ROP were done to assess the model performance. Table 1 .
RESULTS
By analysis of the weekly postnatal weight gain ratios in infants without ROP against those who developed the disease, we found that the mean weight gain ratio 28d after birth was the most predictive factor for developing ROP and referred to it as the postnatal weight gain ratio (PWGR), both as a sole factor and when adjusted to the GA and birth weight, the area under the ROC curve was highest for combination of birth weight+GA+PWGR at 28d as shown in Table 2 .
The PWGR at 28d was significantly lower in infants both with worse grade ROP (type 1 & 2 prethreshold disease) and lower grade ROP than in those with absent ROP as shown in Table 3 . We proposed 2 new screening models in view of these results aiming at improving the prediction of development of ROP by adding the PWGR at 28d after birth (weight at day 28-birth weight/birth weight) to the previously established screening criteria of the GA and birth weight. And we referred to the first model as the (Alex-ROP model) designed to detect any stage of ROP which recommends screening infants with GA≤33wk or birth weight ≤ 1500 g and PWGR at 28d after birth <0.3. In addition and according to the analysis of the criteria of the infants suffered worse grade ROP, we developed a second screening model referred to as High-grade Alex-ROP (Hg Alex-ROP) model recommending a cutoff point of PWGR <0.15 between birth and 28 th day. Table 4 shows that the sensitivity of the Alex-ROP model, when applied on the cohort of infants of the current study was 100% for both types of ROP (low-grade and high-grade ROP) and a specificity of 50.45%. On the other hand, the sensitivity of the Hg Alex-ROP was 100% for high-grade ROP, and 91.67% for any ROP (none of cases not indicated for screening developed high-grade ROP), and a specificity of 71.07%. Table 5 shows that application of the Alex-ROP model application of the cohort of infants of the current study decreased the infants needing screening for by 19.82% and the application of the Hg Alex-ROP model reduced this number by 76.61%.
DISCUSSION
With the improvement of the neonatal care in the developing countries, the ROP started to become under the spot of interest of both the neonatologists and the ophthalmologists. The screening protocols vary from one country to another, and it was observed that the both low-grade ROP and high grades of the disease can occur in infants with larger GA and birth weight in developing countries than those in developed ones, and thus application of the screening protocols used in the developed countries on infants in developing countries without modifications can lead to missing of some infants who may develop this potentially blinding disease. There are no official screening criteria for infants requiring ROP screening in Egypt, however, most practitioners would agree to screen infants with birth weight ≤1500 g or GA≤33wk.
Fundus examination for ROP screening puts stress on the infant and comprises a burden on the health service and consumes doctors time and effort, thus avoiding an unnecessary fundus exam without diminishing the sensitivity of disease detection will be a virtue. There is growing interest around the world to improve the criteria of inclusion for ROP screening without decreasing positive cases detection sensitivity. For example, measuring IGF-1 levels which is thought to be a mediator of great importance in the pathogenesis of ROP, however, it's difficult and costly to assess its levels, and post natal weight gain was thought of as an indirect indicator about the IGF-1 levels and thus to improve the prediction of ROP. Previous models focusing on the postnatal weight gain include CHOP-ROP and WINROP studies, however the calculations for triggering the alarm for ROP screening were tedious and time-consuming, the alarm could be triggered as late as 10wk after birth, and they were designed for detection of worse grade ROP but not for the low grades. Then, another model was proposed by Cao et al [25] , it was simple to apply especially in a busy NICU and designed to detect both low grade and highgrade ROP, it added the criterion of NWG to the conventional criteria of GA and birth weight. In the present study, we tried to observe the rates of postnatal PWGR in infants in Egypt as an example of the developing countries and to suggest cut of points to improve the prediction of development of both any ROP and worse grade ROP. When applied on infants, the Alex-ROP model showed 100% sensitivity both low grade and worse grade ROP and decreased the infants needed to be screened by almost about 20% while the application of Hg Alex-ROP showed sensitivity of 100% to detect type 1 and 2 prethreshold ROP, and maintains good sensitivity of more than 55% for any ROP and decreases the total number of infants needed to be screened by more than 75%. We noticed that the postnatal weight gain in infants in the current study is less. In comparison to the infants in studies from developed countries, we think that this reflects a difference in the quality of the neonatal care especially the total parenteral nutrition, which may be reflected in the level of some factors like the IGF-1, this may explain the fact that ROP can develop in infants with larger GA and birth weight in developing countries in comparison to those in developed countries who usually have better postnatal weight gain. In 2018, the "Postnatal Growth and Retinopathy of Prematurity (G-ROP) Study" was published, it was conducted on 6351 premature infants in USA and Canada to validate the performance of the CO-ROP model, it reported that despite maintaining high sensitivity, the CO-ROP model failed to predict the condition in 23 (3.1%) infants who developed severe ROP [28] . It worth noticing that all the infants included in that study enjoyed the high quality care in that part of the developed world, and taking into consideration the due to the difference in natural history of ROP in infants in developing countries, implementing the CO-ROP study in a developing country may lead to missing of even more cases with severe ROP. The main drawbacks of the current study include the small number of infants suffering worse grade ROP (prethreshold type 1 and type 2), we need to make sure the proposed cutoff points won't miss a single infant with high-grade ROP especially those who require treatment, this requires larger studies to increase the confidence interval lower limit for worse grade ROP. In addition, the study was conducted in one tertiary referral center, and the cohort studied may not be a true representation of the infants in the whole community, but anyway, the ROP is more common to occur in young sick premature infants who are usually referred to such centers. Moreover, some infants may show abnormally higher levels of postnatal weight gain due to a disease process (sepsis, hydrocephalus, oedema, etc.) those infants may be missed if the proposed model was implemented, it should be mentioned that the WIN-ROP recommended screening of infants gaining >400 g in a single week. We hope that this study will be a step towards improving the prediction of the ROP screening, albeit the fact that the results of which cannot give solid evidence to modify the current agreed upon screening criteria, yet it may be an initiative for conduction of larger multicentral studies.
